We describe a simple, precise, accurate, and specific liquidchromatographic procedure for determination of tobramycin in 50 jL of serum. Tobramycin and the internal standard (sisomicin) are quantitatively converted into their trinitrophenyl derivatives by reaction with a water-soluble derivatizing agent (2,4,6-trinitrobenzenesulfonic acid) at 70 #{176}C for 30 mm. The derivativesare extracted from the crude reaction mixture by using a reversed-phase Bond-Elut C18 column, and separated on a reversed-phase octyl column with a mobile phase consisting of an acetonitrile/phosphate buffer (70/30 by vol) at a flow rate of 3.0 mLlmin. The eluted compounds are detected at 340 nm, and quantified from their peak areas. Chromatography is complete in <4.5 mm at the optimum column temperature of 50 #{176}C. 
and variable precision. The enzymatic and immunoassays can be more specific and accurate, but they also depend on the purity of the enzyme and the specificity of the antibodies. Interferences and cross reactions have been reported for both techniques (3, 4) .
Of the liquid-chromatographic (LC) procedures reported for the measurement of aminoglycoside antibiotics 
(ij
JU TIME (mm) TIME (mm) We obtained tobramycin from Eli Lilly and Co., Indianapolis, IN 46285, and sisomicin from Schering Corp., Bloomfield, NJ 07003. The tobramycin stock standard, 25 mg in 100 mL of water, is stable at 4 #{176}C for at Pipet 300 zL of acetonitrile onto each column and connect the vacuum. After collecting the eluate in the tubes, remove the rack from the vacuum chamber, shake the tubes to mix the eluate, and inject 50 p.L of each eluate onto the liquid chromatograph.
Elute the column with acetonitrile/phosphate buffer (70130 by vol) at the rate of 3.0 mL/min at 50 #{176}C, and monitor the column effluent at 340 nm.
Results and Discussion

ProceduralDetails
Optimum conditions for derivatization. We arrived at the optimum conditions by varying reagent concentration, reaction temperature, reaction time, pH, and the composition of buffers. A large excess of the derivatizing agent, TNBS (18 000-20 000 molar ratio) was necessary to yield a single tobramycin derivative quantitatively in <30 mm. TNBS reacted with primary amino groups of amino acid and peptide in the aqueous solution at pH 8 and at room temperature without any undesirable side reactions. The resulting trinitrophenyl derivatives had a high molar absorptivity at 340 nm (10). The TNBS solution was dissolved in acetonitrile to expedite the derivatization, deproteinize the serum, and solubilize the nonpolar tobramycin derivative. At ambient temperature a reaction time of 19-20 h was necessary for complete derivatization.
At temperatures lower than 70 #{176}C and reaction time <30 mm, multiple derivatives of tobramycin formed, owing to incomplete reaction. At 70#{176}C, the denvatization was complete in <30 mm. If the temperature was raised above 80 #{176}C, there was substantial decomposition of the tobramycin derivative. Therefore, we selected 70#{176}C and 30-mm reaction time as the optimum conditions for derivatization.
The pH of the reaction mixture was critical for complete denivatization.
Below pH 9, derivatization was incomplete and slow because of the basic nature of the tobramycin molecule. The optimum pH for this reaction is between 9.5 and 10.0. In strongly alkaline solutions the reaction was accompanied by appreciable decomposition of TNBS and of the tobrarnycin derivative. Several different buffers were tried for the derivatization reaction. Carbonate, phosphate, and borate buffers at pH 9.5-10 were unsuitable because of their low buffering capacity in this pH range, insolubility in organic solvents, or complexation of tobramycin hydroxyl groups with borate buffer. The high molarity of Tnis buffer (2 mol/L) was necessary to maintain the reaction pH above 9.5 in the presence of a large excess of the strong acids (TNBS and picric acid) used.
Extraction of tobramycin derivative.
When the crude denvatized mixture (50 L) was injected onto a reversed-phase octyl column, a large void-volume peak was observed, owing to the presence of a large excess of polar constituents (TNBS and picric acid) in the crude mixture. In this instance, the reversed-phase octyl column was eluted at 50#{176}C with a mobile phase containing acetomtrile/tetrahydrofuranlphosphate buffer 50 rnmol/L (60/3/37 by vol) at a flow rate of 2.0 mL/min; total chromatography time was about 10 mm. The pH of the phosphate buffer was adjusted to 3.5 to minimize the peak tailing observed at higher pH. We elected to use above-ambient temperature (50 #{176}C) to avoid variations in the retention time that would be related to variations in the ambient temperature and to reduce the solvent viscosity for optimum column efficiency.
Detection
wavelength.
The Xm of the trinitrophenyl derivatives of tobramycin and sisomicin is 340 mn, a wavelength at which interference from exogenous and endogenoun serum constituents was also minimized.
Sensitivity.
The limit of detection of the assay was <0.2 mg/L, when 50 p.L of serum was used. The signal-to-noise ratio was >5 at 0.1 mg of tobramycin per liter.
Analytical Variables
Precision. Repeated analysis of serum specimens containing tobramycin at two concentrations gave the results shown in Table 1 . The within-day CV ranged from 4.0 to 4.9%; the day-to-day CV ranged from 4.6 to 5.1%.
Background.
We processed more than 20 different drugfree sera and plasma samples to ascertain background peak interference at the elution times corresponding to tobramycin and internal standard. The background calculated from these samples was <0.1 mg/L, and it did not interfere with the analyses.
Analytical recovery and linearity. Tobramycin was added to drug-free serum in amounts equivalent to 1-25 mgtL. A constant amount of internal standard was added to each sample, which was then processed as described above. Concentration and peak area ratios were linearly related over this range. Analytical recoveries for tobramycmn from low therapeutic to toxic concentrations ranged from 94 to 98.6% ( 
Comparison with Immunoassays
To assess the accuracy of the method, we compared 
